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ABSTRACT

\ : Confidential’

Work has been carried out i0 evaluate the accuracy of
the lobe-counting method of height-finding in the presence
of various sea states. Experiments were performed with
a low-power uhf (425 Mc) radar in a Z2PG-2 airship flying
at 2800 feet. The altitudes of aircraft targets {lying at ccn-
stant aititudes between 3200 and 35,000 feet were deter-
mined with accuracies ranging from about 9 percent at the
lower altitudes to 4 or 5 percent at the medium and higher
altitudes. Successful results were obtained with sea states
as high as six. The operational feasibility of this method
of height-finding was demonstratod by the barrier exercises
performed.

PROBLEM STATUS
Problem RO2-10 was closed April 4, 1858, This is
a f{inal report on this problem and on one phase of Problem
R02-05 which continues,
AUTHORIZATION
NRL Problews R03-10 and R02-05

Projects NL 430-0:4 and NR 412-000,
Taska 413-008 and 412-001

Manuscript submitted August 4, 1958
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CONFIDENTIAL

AIRBORNE HEIGHT-FINDING BY THE LOBE -COUNTING METHOD
[Confidential Title]

Several CNO operational requirements® specify the development of long- rangc high-
performarce survelilance and heighi {inding equipment for airborne early warning and
control. The general functions required to be performed are:

1. long-range early warning, identification, and tracking of air targets over
sea or land to meet the threat of minimum - and high-altitude supersonic
aircraft attacking a fieet,

2. direct control of our fithter aircraft in interception of unidentif;ed aircraft
approaching a force, ana

3. determinations of air target height above the surface at lcng range.

The minimum acceptable limits of operaticnal performance require the carrier-based
ajrcraft system to have an initial detection range {with 90 percent probability of detection
and without the use of IFF) of 150 nautical miles on a five-square-meter target and a
land-based aircraft system, 200 nautical miles on a one-square-meter target. The sys-
tems should be capable of detéermining the altitude of any target between the surface and
80, 000 feet with an accuracy of +5000 feel at 90 percent of their initial detection ranges.

The Navy air arm is presently equipped with the AN/APS-20E S-band search radar
aud the AN/APS-45 (or AN/APS-62) X-band height finder. The AN/APS-20E, the primary
detection equipment on all AEW alrcraft, is capable of 90 percent probability of detection
on a one-square-meter target at 80 nautical miles {1). Its performance {s seriously
limited by sea return, and no satisfactory AMTI ha: been develcped to date. The
AN/APS-45 and AN/APS-62 radars are airborne he!ght-finding sysiems with nodding type
narrow-beam antennas, the AN/APS-45 being mounted on WV-2 afrcraft, and the AN/APS-62
on ZPG-2W airships. After being cosched onto a target by the search radar, the AN/APS-45
cadar requires approximately a minute to accomplish an altitude determination at ranges
always short of 100 nautical miles. Thus, the need for developing a combinatisn search
and height -finding radar system is real and urgent.

Several combtination search and height-finding systems have been proposed and devei-
oped since the end of World war 1I. Of these, the stacked-beam systems, such as the
AN/SPS-2, AN/FPS-7, and AN/RPS-13 rudars, have pronounced advantages over other
types like the V-beam or pencil-beam gzcanners. Several studies (2) have been made witk
regard to airborne stacked-beam systems, and an operational requirement specifying this
development has been issued. t

eNo. AD-0150) (Revised) dated 22 March 1956
No. AD-01501-1 dated 25 April 1956
No. AD-06501 {Revised)} dated 2 November 1955 (Cairrier-Baned AEW System)
No AD-06502 {Davised dated 25 Apr:l 1986 {Land-Bassd AEW System)

No. AD-06502-1 dated 26 April 1956 (Lighter-than-air Aircraft)
tNo. AD-01501-2 dated 18 April 1956
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2 NAVAL RESEARCH LABORATORY CONFIDENTIAL

The only kiown active program is the airborne stacked-beam antenna development being
carried out by the General Electric Company, Utica, New York, under Contract

AF 33(600)34799. The basic difficulty with airborne stacked-beam aystems is that the
narrow vertical beamwidths required to achieve sufficient height accuracy demand the use
of C-hand or a higher frequency because of antenna size limitations. At these frequencies,
there appears to be no prospect of attaining effective AMTI, and long-range detection is
handicapped by adverse weathor conditions and transmitter power limitations.

Low-{frequency systeins offer asother approach to the problem of attaining a combina-
tion search and height-finding systein. The detection capabilities of vhf and uh{ radars,
both shipborne and airborne, have been demonstrated (3,4). At theae frequencies, success-
ful AMTI systems have been desigred. Furthermore, these airborne systems should be
capable of height-finding by the lobe-counting (5, 8, 7) frequency-modulation (8,9), and
time -diflerence method (9, 10, 11), all of which are based on the direct and sea-reflected
propagation paths, the first two making use of the interference principle.

This study {8 concerned with lobe counting which required no modification to an exiat-
ing radar and involved a minimum of instrumentation. The objectives of this project are:
(a) to study the effect of angle of incidence and sea state on the interfcrence pattern, and
(b) to determine the accuracy with which the altitude of an isolated aircralt target can be
measured,

THEORY
The theory for the calculation of field strength in the interference region for an ele-
vated antenna is well imown and has been covered in the literaturs {12, 13). The angular

location of the lobes in the interferen:e pattern is determined by the pathlength difference
between the direct and reflected rays. This path difference is

h, h,
aR = e (L) n

where
h, is radar height,
h, is targe: height,
r is target range,
J(S.T) is a correction factor {rom flat to spherical earth,
$ is afunctionof h,, h,, and r, and
T i8 atunctionof h, and h,.
When a target flying at constant altitude changes range sufficiently to alter the path

difference by one wavelength, it passes from one lobe to the next. ‘Therefore, the number
of jobes L traversed per nautical mile s
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CONFIDENTIAL NAVAL RISEARCH LABORATORY 3

For given values of b, h,, and r, the dimensiunless distance and height parameiers
S and T are calculsted from the equations

21 {3

1 ‘/,—‘1 (4)

8, = 4/3 earth radius = 4587 nautical miles.

where

The function J(S,T) is available in graphical form (12). From this graph and Eq. (3)

and (4), a plot of J was made as a function of r, from which dJ/dr was determined grapht-
cally. Equation (2) was then evaluated for radar altitudes of 1000, 2000, and 3000 feet
and a frequency of 425 Mc (Fig. 1).°

The use of these curves in determining altitude is complicated and difficult because of
the nonlinear character of the relationship and the necessity for interpolating between
curves. A more useful family of curves, shown in Fig. 2, relating Iches per mile to
target altitude for several specified ranges, was plotted frum the 3000-foot curves of
Fig. 1. These curves were used in reducing the flight test dala obtained in the height-
finding trials.

INSTRUMENTATION

Height-finding by the lobe-counting method reguires isolation of 2 target from all
others in both range and azimuth. The instrumentation discussed here includes a range-
gated tracke.: which, together with the horizontal directivity, isolates the target echo,
and the equipment which records the variations o1 echo amplitude with range,

A bluck diagram of the primary units of the a* tem {s shown in Fig. 3. An interval
of range continuously variable from 10 to 50 miles i3 selected from the 250-nautical-mile
radzar presentatiun and !5 displayed ca a 3-inch A-scope. At the cenfer of this interval,

a segment of range, controllabie from two to five times the radar pulse width, is selected.
This bit of range is show.: a8 a negative marker on the scope, and a gate of the same
width 18 used to gate an |-f amplifier. The rejection ratio in the gated 1-f amplifier is 40
to 50 db. The gated signal 1s amplified, demodulated uning a peak detector, integrated,
and applied to a standard single-channel Sanborn recorder (Model 127). Range informa-
tion to the nearest 0.1 rautical mile is available from the position of the 1-f gue, and is
displayed on a Veeder-Root counter. The range-gated tracker and Sanborn recorder are
shown in Figs. 4 and 5 respectively,

THE RADAR

The systin choswr for ise in the lobe-counting experiments was the low-power unf
radar produced under a jou:t effort by Group 45 of the Lincoln Laboratory, MIT, and the
Naval Research Laboratory in 1353 and installed aboard a2 ZPG-2 airship attached to the

*This method of calculation was suggested by William S. Alderson, formerly of the Radar
Divaision, NRL,
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Fig. ] - Theoretical curves of lobes per mile versus range fur target alttudes of
5000, 10,000, 20,000, and 40,000 feet

Naval Air Development Unit, Naval Air Station, South Weymouth, Massachusetts {5): The
radar transmitter of the original system was modilied by h--orporating a speciaily conatructed
tuning mechanism for the 7C22 oscillator (Fig. 8) and a set of tuning stubs for matching the
antenna to the transmitter (Fig. 7). This resulted in the peak power output being increased
from 140 to 280 kw. The stable local oscillator, which had been added to the original sys-

tem for the pu.,0se of conducting MT1 studies, was replaced by a tunable local oscillator 10
facilitate using the receiver throughout the fre. ..ncy range of the transmitter. The tunable
receiver had 2 noise figure of 5. F +h

.ONFIDENTIAL
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RADAR ALTITUDE 3000 fEET
RADAR FREQUENCY 425MC
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8 NAVAL RESEARCH LABORAYORY CONFIDENTIAL

Though the system performance was
generaily good, certain serjous troubles were
encountered during the height -finding trials.
Erratic transmitter operation was traced 1o
& defeciive antenna rolary joini, which was
replaced with one of improved design. The
special 8- sec pulze -forminy line tnstalled
in the original system shorted during flight
tests tn October 1855, and aince no spares
were available, §t waa replaced by a §-,.8ec
line obtained {rom other radar spares, Dur-
ing the latter part of the trials, full trans-
mitter power was not attainable because of
unstable operation at high outpul levela, Upon
completion of the {light tests, the radar was
disassembled and inapected. During the
examination of the antenua, it was found that
the center conductor of the main {eed harness
had fractured at a joint immediately foliow-
ing the input Tee section. The point of frac~
ture showed evidence of arcing. This joss of
continuity meant that for certaln periods the
radar was operated at & reduced power level
with only half of the antenna feed system
active, which resulted in a Joss in range
performance.

OPERATIONAL PROCEDURE

The cperatjonal procedure followed dur-
ing the lobe -counting height-tinding trials was
the same for all testa perf-.med. The radar
and target alrcralt met at a rendezvous point,
either over Cape Ann, Massachusetts, or
Nantucket Istand, depending vn the operationa
area aasigned. On receipt of 2 command sig-
nal from the radar vehicle, the target plane
proceeded on a course of 090 degrees al an
assigned altitude. The airahip flew the same course at a different altitude. After the
initial detection had been made with the radar scanning, the antenna was stopped and placed
in 2 “searchlight” mode. The target was tracked manuaily by maintaining the radar echo
in the “notch” on the A-scope. As described previously, the aignal variatione were recaorded
on Santorn tape. Range marks were sdded to the recard manually at intervals of 10 miles
or less with a time mark buiton. Each 10-mtle irtcrval was everalng 1 later to determine
the number of lobe crossings per mile, Wh: » ine ‘urgel ech  tnal strength becamy ¢ 2
weak 1o record, both afrcraft wuuld execute a 1RD- degreviurr 1. fly a course ot 270
degrees for the point of origin {either Cape Ann or Wantucku'l.  On the Inbound suns the
signal variations were recorded until the target waa lost in clutter at a range of about 20
or 30 miles. At this point both aircraft again turned 180 degrees and began a new run.

3

Fig. 4 ~ Rarge~gated tracker

CONFIDENTIAL
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Fig. b - Spccially conatructed tuning mechanism
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Fig. 7 - Tuning stubs {center) shown with relation to the duplexer
{left) and transmitter {right

HEIGHT-FINDING TRIALS
Initial Experiments

The program began with a number of B-29 {lights made during the week of May 9, 1955,
off Cape Ann, Massachuselts. The weather was clear and the sea very calm. These
initial trials were made with the radar at 1000, 2000, and 3000 feet and the target at 5000,
10, 000 and 20, 000 feet for each radar altitude. They demonstrated that a strong inter-
ference lobe pattern did exist and that the lobe-counting method could be used for height-
finding to an accuracy of better than 10 percent (7). A more extensive program to deter-
mine the accuracy of the method had to be postponed when the airship was grounded for
structural reasons.

Final Experiments

The lobe-counting trials were resumed in September, 1955, in collaboraticn with
Group 45 of the Lincoln Laboratory and the Naval Air Development ijnit, and we:re com-
pleted in March, 1956, They were designed to determine the inherent accuracy of the
method, the degree to which the lobe structure remains well defined under rough sea con-
ditions, and the effects of atmospheric anomaiies on the height-finding accuracy. Numer-
ous flights were made with the radar vehicle at 280G fe-* against aircraft targets at 3200,
10, 000, 19,800, and 35, 000 feet over both smooth and rough seas. During the tests,
information on the sea state was provided by hoth the Texasz Tewer, located 100 miles
east of Cape Cod, and a radar picket ship stationed synewhere east of Nantucket. Tatie
provides a summary of the successful {lights made during the height-finding trials. In
these experiments, no distinction was made between inbound and outbound runs.

CONFIDENTI i,



CONFIDENTIAL NAVAL RISEARCH LABORATORY 3

Table }
Surerary of Lobe-Tounting Trinis

';,A.v;;:" Target rTypc af | Numher | Ritahip .
4 Aftitude § Alrcraft | of Runy [ Altitude
[} ;n : - '3.200 R-29 9 280;)——“
0 to i 19.800 B-29 10 2800
| 00} 35,000 B6.47 10 2800
-‘4- '-;*; wWJ.ZO(J ~wl!-29 T” 200‘(-).‘4
$tn s 10,200 £-v 17 3000
§ta s N.QOOL 8-22 14 2800
P B

RESULTS OF TESTS

The individual runs listed in Table 1 were evaluated by counting the number of lobes
in each 10-mile interval a8 determined {from the range marks placed on the Sanborn tapes.
The tamily of curves shows; in Fig. 2 was used to determine the target aititude from the
number of jobes per mile and the medlan range for each interval. These curves refer to
a {requency of 425 Mc and a radar altitude of 3000 feet. Since the wtrship was {lown at an
altitude of 2800 feet tar 4l but the &, 000-(oot trials, it was necessary to multiply the
measured number of lobes per mile by a correction factor of 1,07 {i.e., 3000/2800}.

After the individual altitude determinations had been made, the resulia for all runs
at the same numinal targetl altitude were averaged in each 10-mile interval angd the stand-
ard deviation o calculated. Table 2 is a summary of the data obtained from the Jobe-
counting trials conducted over smooth seas. Nine runs were made against 3 B-29 at
3200 feet, 10 runs against a B-29 at 19, 800 feet, and 10 runs agalnst a B-47 at 3%, 000 {vet.
The average altitude is plotted against range in Fig. 8, where the shaded area represeunis
the standard deviation. Table 3 and Fig. ¥ give 2 summary of the data obtained over rough
ueas from 8 runs made against a B-20 at 3200 teet, 17 runs against a P2V at 10, 000 feet,
and 16 runs againat 2 B.26 at 18, 800 feet,

A statistical analysis was made of the datz summarized in Tables 2 and 3 to determine
whether there was any systemalic error tn the helght measurements.* The *Btudent’s t™
tent {14) was applied to the average altitudes for the various range increments, and it was
determined that the experimental data were normally distributed (within 85 percent con.
{idence Limits] aboul the prescribed altitudes. This showed that th® measurement tech-
nigue was {ree of bias error. The 19, 800-fool B-29 triala were an exception, these
resulls being biased toward higher values. No satisfactory explanation has been found.

1t appears {rom Fig. 8 and 8 that the height error, as exemplified by the standard
deviation, shows no runge dependence. An analysis was conducted 1o examine this guestion
and no correlation was found between o and the range, The height errur in mes? other
types of height finders is proportional to range, since the glevation angle is the quanttty
measured directly.

*The authar 15 sudebted ta Arthur §. Zamanakos, Radar Division, NRL., for this anzlyss,
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Table 2
Summary of Target Altatwle Determinations Ohtained ftom the Lobe -Counting
Trialse. Sea State 0 to 1: Radar Altstude 2800 Feet: Frequency 425 Me

. . . ¥
i
H (a) B-3% 3.200 1100 feet Date- 9 27 8% o
. .3:300 2100 fer .27 88
I 20-30 J’Jdﬂ’ 50-30! 30-00 | #0-70 70-30 | BO-9 {90100 Lw-uo i l
I N {
. 1 3.100] 3.000 | 3,200 3.400 | 3.600 | 3,600 I
) 7 1 3.200| 3.400| 2.800 ) 2,900 | 3,400 | 2,900 | 2.%00 3,300 I
I 3 3,300 1 3,200 2,800 [ 3.300 | 3.600 | 3.206 | 2.700 | 2.800
. 3.%00] 3,300 | 3,200 ) 3.000| 3.200 | 3,600 | 2.600 [ 2.500 ] 3,000 ,
I 5 3.200 ; 3,300 | 3.200 | 3.300
! s 3.700 | 3,100 3,000 | 3.200 | 3.000 | 3.200 | 2.700 I
i b 1400 3.400 | 3.300  2.000 | 3.200 1 3 0 H
t . 3,100} 3,300 300 { 3.400 1 2.800 | 3.7¢0 H
N 9 3,100 | 3:000 900 200 | 3,200 ]
e -LE.\LL— —n
Aifye00] 3300] 3 000f 32007 3100] 3300] 30001 3,000} 3300 .
Error (fest] < 00l -300| o -100 | s100 00| -200| <100 ]
o lfeer] 300} 300] y00; 200| s00] 200{ 0] s00] 200 1. D SRS S
9. ] ”n 7
,q':‘ ] 19.800 170 fee: . Detes 92053 e 30°8/88
T 1
.
N 60-70 | 70.80| #0.90 190-100} 100-110 | 130-120] 120120 | 130-140 | 140-150
1 19.300 (19,500 20,100 120,200 [ 14,600 | 22,500 | 33,600 | 19.300 | 20.300
2 26..200 {20,900 | 21,700 | 20,200 | 20,700
3 20.200| 20,300 | 20800
. 21.70% | 19,800 | 19,800 | 20.200 | 20,700
s 20,300 | 20.800
A 20,800 ;31,000 19,400 {20,800 | 20,100 |19.000 | 19.300 |19.%00 | 21.200
| ? 19,400 { 21,100 | 2.100 1 19 400 (21,300 | 20,800 | 21,000 | 23,000 |10.300 | 21,700 |18, 700
i 8 131,100 § 19,000 | 19,900 119,700 [ 19 0 |19,700 | 19,400 120,200 | 30,700 | 20.%0 } 320 aco |17.700
i 9 120,200 19,400 20,000 | 20,000 | 72 w0 |a0. 19.400 1 20,2601 19,200 | 10.000
i 10 30 600 ' 18 600 [ 20,200 . —
e Alv 21,000 49 %00 ] 20,000 19,000 120,100 430,200 } 20,100 30,3001 30,300 [ 70,500 _[ 22,000 18,800 ] 70,300
Beeor (foet)[e1,2007  -300] 300 © +200 | o400 | 3007 4001 700 700 | +2.200 | -1,300 +$00
o (feer) 00 700 wo| 400f 1,200 [ 1300 | 1,200 700
pa— PR -_— - - -—
Dates  10738$ snt 10/10°88
20-30 30-40 40~w] $0-60 | 80-70 70-80 | 80-90 | 90-500 | 3G0-110) 110-520
1 [39.7001 35,000 | 33,500 | M. %
] :35.000 | 33,000 133.500 { 38,00 {33,700 | 36,200 | 34.000 | 34 900
3 | 34,8001 32,000 | 36,200 | 36,300 |34.800 | 31,300 | 24,000 | 24,500 | 33,000
4 140.000 1 35,000 | 33,500 | 34.000 | 36,300 |33 200 { 34.400 | 34.400
s i 33.700 {37,700 | 38,300 |33.700 | 34.400 | 34.400 | 36 000
{49500 35.000 35.800 [ 6.200 | 37,300 35,200 | 37,500 | 38,500 33500 | 35.000
? | 37,300 | 33,700 | 36,200 | 30,800 h
" i . 38,800 [ 33,000 [35.200 | 34,400 | 34.000
s 34,600 132,000 |35, 500 | 34,000 115,200 | 39,000 | 36800 |
16 . X 13,000 00 | 36. 200

Aversge AI|.Fv 700
Rrroe { {rer ) ¢4, 700
o (feer)] 200

(RO S-S AU puh Sy e B . a4 i
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¥
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Summary o Taryet Altitude Determinations Ohtained from the Lobe -Counting
Trials. Sea State 0 to 1: Radar Altitude 2R00 Fret: Frequency 425 Me

2,200 1100 1

H b
j B i v _Date 93783 ‘ o
i !
ID-JDI J’J-lﬁl ‘0~$0| lD-tﬂ[ 60-70 | 0-%0; M- [90-10¢ | 100-710 J
l .
/ T T3.100 ] 3,500 | 3.200 | 3.400 | 3.600 | 3.600
. 2 3,200 3,400 2,800 | 2,000 3,400 | 2.900 | 2,700 3.300 |
H 3 |s.soo 30| 20800 | 3300 | 3600 | 3,200 | 2.0 | 2.e00
i ‘ ls.m 3.500] 3,100 | 3,000 | 3,206 | 3,900 [ 2.600 | 2,900 [ 3.000 I
1 Y 3.300 1 3,300 | 3.200 | 3.300
! 8 ;3.700f 300! 3,000 x.:ool 3,000 | 3,200 | 7.700 !
N 16001 3.600 | 3.300 ° 2.800 | 3.200 | 3 200 [
n Laml 3300 3.300 | 3.400 1 3,80 | 3,700 J
9 3,100 000 300 n00 { ) m
Average Alt]3.400] 3,300] 3.000] 3,200] 3. 500 [ 3,300] 3000 ] 3,000l 3 s00 4
Erior (feet] «200[ +100| -200] O <100 | <100 | 200] -200 <100 1
_atten] W] 0] 0] 200] 30| 0] 0] s00] w0 NS U . ,1'
Ly 8- . }
N e __19.800 170 feet 928 53 et 10 333 i
w T :
4 h
Su 20-30| 30-40| 40-30| 50-40| #0-70 [ 70-80| %0-%0 |90.100 [ 100-110] 130-120| 120-120 [ 130-340 { 140-150
! 1 19.400 39,800 [ 15,900 [19.300 [19.500 | 20,100 20,200 [ IR, 600 | 22,307 | 23600 [19.300 | 30,360
i 2 J2a.300| 20,000 20.000 | 13,300 | 2., 200 (20.900 | 21,700 | 20,200 | 20, %00
; 3 19,990 | 21,000 20,200 { 20,500 1 20800
. 19,700 | 16,300 | 31,702 {19,900 | 19,000 | 20.200 | 20, 700
s 20.100 | 20,800 H
A 120,800 21.000 | 19,600 |20, m0¢ 120,100 {19,000 | 19,300 | 19,500 | 21,500 i
1 7 19,000 | 21,100 [ 21.1¢0 | 197400 121300 | 20800 [ 21,000 | 23.000 | 19.300 {21,700 }18.700 |
i 8 121,100 19.000| 19,900 |19.r00 [ 19 =0 [19,700 | 19,600 | 20,200 [ 20.700 | 20.%0 .m0 17,700
i |; )’gz 1:.000 20,000 | 20,006 | 72 w00 |40,900 { 19,600 | 2030 { 19.30¢ | 19.000
600 ' 18,600 | 20,200 _
@ Al1-123.000 ] 19,500 | 20,000 | 19,800 nilw_4_{oa_zgo4£4§pg4_§m 20,500 120,300 | 22.000 |18,600 | 20,300
Trear (feety[ed 200 -300[ <200 ‘0 +300 1«00 [ 300 400 200 [ 2,200 |-1.200 +$00
_clser)] Moj o] 0o 000 sm| wmo| ao] doof 1100 frae0 | e
35.000 feet -0 T 10:3 55 end 10710783 N
15— - . —~ p il ckachy g -
$0-80 | ¢0-70 | 70-00 | 50-90 | 90.100 | 160-110 | 530-720
! 1 33,500 | 34,700 1 33, A0
2 35,500 { 35,00 |33,790 | 38,300 | 34.000 | 34,000
3 38,300 { 36,300 {34,200 | 31,300 | 34,000 | 34.500 | 33,000
. 34,000 | 34,300 135,200 | 34,400 | 34,000
L] 37,700 | 38,300 133,700 | 34.400 | 34,400 { U, 000
i s 36.200 | 37,300 35,200 | 33,500 | 35,800 | 13,500 ; 35.C00
? 37.300 {33,700 { 38,200 | 30.800
" 38,850 | 35 000 (33,200 | 34,400 | 34,000
M 35,500 | 34,000 | 35,300 | 39,000 | 38800 | |
16 34,000 | 33,000 | 38.500 | 38.200
35,800 |33 #00 |34, 38 34,000 | 33, 35,608
Prros {feet)[<4,700( -100 ad | w00 -200 0 |-1.000]-2.000 3
o (feet)| 200 100 1500 1.600{ 900| 2,200} 1.300] 1,800 :
L Ta D T g et N | ] E H
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Since no range dependence was found in the height error, it is appropriate to deter-
mine a root-mean-aquare height error over all range intervals, The rms deviation » of
the meanured height from the true height is related to the variance,~? and the error £
of the average of the height readings by the equation®

pi ERP BN Et. (5)

The values for © and E ysed in calculating o were oltained from Tables 2 and 3. Taule 4
is a summary of the resulis obtained. It shows that the arcuracy of the method, when
considered for a large number of {rials, is no worse than 10 perceat for low-flying air-
eraft and as good a» 4 percent for medium-~ and tagh -Tlying aircraft. Thua limited experi-
ence shows that this method affordsa a means of measuring target altitude quite accurately
over either smooth or rough geas and that the lobe structure is noi destroyed by 2 nea
state as high as six.

*The author is indebted to Lamont V. Blake, Radar Division, NRL, for pointing out this
relationship.
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Table 3
Summary of Target Altitude Determinations Obtained from the Lobe-Counting
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Trials. Sea States 4, 5, and 6; Radar Altitude 2800 Feet: Frequency 425 Mo
. 3.200 1100 tert Dat 1625 8y ’
. - R ] 1
i 30-40; an-30| $0-60 [ 80-70] so-mai a0-90| 90100 | 1001100
g 13 T ¥
| | 3.0000 3.400] 3,190 ¢ 3.300 3.100% 2. 800 | z.monf 3 10 -
L o2.900) 2,000 3.300 ] 2.m60| x,800( 30| 301 3300 | i
. 3.100 1 400 3.090 - . N
i3.100; 3.10C| 3,300 | 2.A00 G 3 A0 3 A0: ! '
i 3.800: 40001 2,960 ) 3,300} 3.200, 3.400! 3.500 .
l 3.00] 3255 3 s00) 3,200] 3¥00] 3 o0 i
TAverage AlT. T 3.200] 3 300 200 [ 3.200] 3. %0] 32005 33701 3,200 T_A —_
(Feeoe (foet HIK) +100 0 [ -100 0 100 [ : .
400 4 100 300 200 3c0 gl 00 .
10,000 foet L R
30-40! 40-;.)7. 1060 eo-1nl 1n~mI -o-oo‘. 90-100 ! 1n0. nn' !
T H 4
9.900 111,200} 10.000| 9.%00 | 10400 |
9100} 9.700] 9.m0} v, 100| 11.000] ¢ w0 : H
9,000 9,700 |20 200 : !
9.900 ] : !
9,900 10,950 | i R
10,000 | 9.500 | 10,200 {10.300 , @.700 | .
9.800| 9.900] 9.000 [10.500 H i
10,100 10,200, 9.200 | 10, 300 H | H
9,800 1N 300, 10 %00 | 59,900 | 10, 950 . H H
16,100, 9,900 ! 10,100 : 10,800 | 10,400 !
10.000 | 10,900 | 10,300 ; 10600 . 10,400 : '
9.600; 10,356 | 9.200 {10,400 9 800 H £ |
10,100 11,100 1 10,100 | 9.300 i | |
10,100 | 10,1001 .son 10,300 1 10,490 | | i
9,900 | 10 00! 10,400 | H
X0 | 10200 | 10,000 | 9,700 | 10,000 i H
8 9,800 ;10,300 | 9,400 | 9,800 H |
AveregeAtt 110.200 [ 9 %001 10,200 . 9.900 110.100 {10400 | 9.900] 9 moo [10,4n0 : .
Ficor (oot 2200 2001 <300 T100 2100 7400 T Fi) ST ‘
-{leer 400 l(l)l ‘wl 00 300 500 |I)()J i B
. p : 1 i
- . oo i
i . () B29 Datrs 10 25 58 asd LRLRL
. + Sl sl o . e RN
) e | ;n-ml I-4C, 40-50 slm.nI 80-70| 20-%0) M.- 100- unl 110 lsz |;n un
| Viemos - 10 w0 20,900 119,400 | 10,400 [ 10,309 : 1
: 19,900 1 26,800 1 10,600 | 20,000 | 20,400 | ;9,400 | 21 H D1 19600 H I |
H i | 12,900 l 19,900 | 20,300 | 20,300 | 19.%00 | 19,0001 19.500 | 21 300 '
| ; 120,600 119,800 | 19,900 119.200 £ 19,000 § 19.4/0}
i i Im 600 ; 19,900 | 21,000 | 1x.#00 [ 19,890 | 1% 200
20,80 20,600 ; 20000 ( 19.6/0 | 20,800 | 20,300 | 30,500
1 20.300 {19,700 | 21.200 - 21,800 | 20.000
[20. %0 ; 19,300 | 20.$%0 | 20,700 19,400
1 19,400 { 19,500 | 12,400 | 19,000
t 21,600 ) §8,900 | 22,200
! } 19.400 | 21,500 [ 19,600 | 19.000 | 21,275 | 20,300 | 20, w00
21,000 1 20.100 | 20.400 | 20.800 | 21.000 | 20.%00 37 000 lia_ 300 : o onn
119,700 | 20,500 {21.900 | 18,900 | 17,200 ; 20,200 {18, 300
20.000 { 1%.300 | 17,300 | 18,900 | 18 900 25,200 (18,300 | 20,300
i8.800 | 19,200 § 17,200 | 22,500 | 30,300 | 19,607 22,000 120,700 { 20,300
19,600 } 19 700 20.0¢0 | 21,000 | 19.600 | 19.000 | 20. 700
Su——
Average Al1.(30,500 { 30,000 { 19,200 § 20.000 [ 20.300 | 19,900 ] 19.7c0 [ 19.900 J19. 9007 ] 20.490 | 20_7%0
Prros (foes *700 +200 0 +200 +400 <100 -100 +100 »100 ot | oy 000
s (oot 00 100 00| 1.200 | .00 900 200 1,200 | 1,400 ;| § 0
*Mader altitude Ter thess runs wes 3.000 feet Vo stete Tar theas runs wos § 15 4

EFFECT OF HIGE SEA STATES

From its inception, the major concern with regard to the lohe-counting method was
that it would become inaccurate or fail completely under high sea-state conditions since
it depends on strong specular reflection producing a well-defined lobe structure. When
the surface is rough compared with a wavelength, it is reasonable to expect that perfect
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reflection will no longer be obtained, particularly for rays having large angles of incidence.
This would result in a gradual decrease in the maximum-to-minimum ratio in the lobe
atructure, particularly at short ranges. Since no positive data were avallable with regard
to the reflection coef{icient at uhf for rough seas, the {lights at altitudes of 3200, 10,009,
and 19, 800 feet against sea states as high as 8ix were of particular interest. This series of
{lights showed no appreciable deterioratian of the lobe structure. Figures 10 through 13
show the lobe structure as it was recorded on Sanborn tape. Two separate flights of a
B-28 at 13, 800 feet, one over amooth and one over rough aess, are shown in these {igures,
matched accordiug to range intervals, from 30 to 100 nautical miles. The lobe structure
under all conditions is clearly defined. A comparison of the respective signal deflection
amplitudes is not in order since the runs were made with the equipment under different
adlustments and by different personnel. As was determined later, the run over a very
rough sea was range limited because of an antenna feed structure failure, The high mea-
state run does have more hash on the recorded signal, especially in the 60+ to 100-mile
interval, Figure 10 containg the critical short-range section of the runs, 1t will be noted
that for the high sea-state record, the maximum-to-minimura ratio is very high in the
reginn from 34 to 37 nactical miles. At this point a second aircraft entered the range gate
nf the rracker cavsing a steady return for the next 3 miles, after which a very finely
divided lobe structure resulled. Strong sea return below 30 miles caused the data to
hecome too obecure to be usable, Thus, the lobe structure at the high sea atates remained
well defined, the Sanborn tape records of the return signal w ere quite readabie down to the
range at which sea clutter was observed, and the accuracy of the method in determining
target altitude is maintained in the region where the signal {8 not obscured by clutter.
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ATMOSPHERIC ANOMALIES

It war hoped that refractometer soundings of the layered atmosphere could be made
before, during, and after each alrship operation in order that the resulting refractive
index profiies could be correlated with the height-finding data obtained. This was 1ot
pussible because the NADEVU refractometer was inoperative during the montha when the
exiensive (riais were conducted. Since no adverse effects were noticed while the triala
were being conducted under a variety of atmospheric conditions, it is felt that anomalics,
where present, wouid not have enough of zn effect on the height -finding to defeat the
method.

BARRIER EXERCISES

On Mayv 26, 1855, the Naval Air Development Unit conducted a 24-hour barrier oper-
ation with two ZPG-2 airghips flying one mile apart, back and forth 1n a straight line 50
miles long orientated north and south 60 wmiles east of Boston, Maaszachuseits (15). One
alrship carried the low-power uhf radar and the other an AN/APS-ZOE radar. The object-
tives of the exercise were {a) to detect, track, and record all aircraft penetrating the
barrier, (b) to compare the detection capabilities of the tyo radars employed, and (c) to
evaluate further the lobe-counting method of height.finding. NRL personnel participated
in the exercise by providing height information on specific targets as requested.

The enemy force was considered to be all aircralt, botl civil and military, inbound
{rom Europe to Boaton and New York via apecified control lanes and all itinerant ajrcraft
operating in the U.8. northeast coastal area. Twenty-ueventirgets were detected with the
uhf radar at ranges varying from 40 to 158 nautical milen. Height determinations were made
on 17 unksown targets at ranges {from 40 to 140nautical 'niles by searchlighting the target
for spproximately two minutes, Indicated altitudes varied from 17, 000 feet tc less than
1000 feet, with one unknown target at 50, 000 feet. A clenr indication was obtained on all
measurements and a comparison of altitudes was obtained for 9 of the 12 targets reported
by the GCI stations located at North Trura, Massachugetts, and Portland, Maine, There
was no satisfactory overall agreement between the results obtained with the uhf and the
height -finding radars located at the GCI stationa, The capubility of the uhf radar in per-
forming the dual function of a search and height-finding radar wan encouraging.

& second unscheduled barrier exercise waz conducted on Octeaher 20, 1955, As origi-
nally planned, the flight was a scheduled cperation for the ZPG-2 airship to run tests
against a P-2V. When the target plane was forced 1o cancel tecaun= of engine fajluve, the
GC1 station located at North Truro, Massachusetts was contacted and asked ¢ furnish
information with regard to air traffic enroute to and from Europe. Thealm was to obtain
a comparison of altitude determinations made by the GCI station and the uhf radar. Only
targets held by both systems were considered, The results of this exercise are presented
in Table 5. Unforiunately the GCI station height-finder radar was inoperative during monst
of the eaerzise. With one exception, the altitude determinations made with the uhf radar
were in close agreement with the altitudes listed (n the target aircraft flight plans. Though
somewhat limited in scope, the operation waa considered a success, and demonstrated
that the lobe-counting method provides a means of determining target altitudes at long
rangee if the uhf search system can be spared {or a minute or two.

CONFIDENTIAL
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Table §
Results of Barrier Exercise
. . Detection URF [¢]0g ¢ Flight
Unknown | Greenwich Bearing Range Altitude Altitude Plan Remarks
Terget | Mean Time| (degrees) |cnaut wi) | Determination | Determination Report
1 1958 060 k34 8,300 - 7.000
2 2025 100 70 . - -
3 0230 090 46 19,000 - 19,000 | Tracked to
194 nsut Mi
4 0455 054 123 10,500 - 10,000 | C-12¢4
Alreraft
5 0545 095 185 - . -
[ 0723 0s7 128 17,700 10,000 15,000
7 0751 078 111 12,000 - 12,000
8 0828 072 109 - - -
9 0848 on 135 8,300 . 8,000
C-124
10 1008 060 82 4,300 - 8,000 { Aircraft
No. OCI
11 1030 0S$§ 92 6,000 - . Report

OPERATIONAL FEASIBILITY OF THE METHOD

For operational use, the loss of the radar search function should be minimized. A
rough indication of height can be obtained by counting just one lobe; however, to obtain
reasonably accurate height measurement, two lobes are necessary and three are preferred
since this would ingure iwo good maxima and minima. V/ith this cri‘erion in mind, the
curves shown in Fig. 14 were piotted to show the time required for (a) a 300-knot target
and (b) a 600-knot target. These are for target altitudes of 3200, 5000, 0,000, 20,000,
and 40, 000 feet and refer to 2 frequency of 425 Mc and a radar altitude of 3000 feet. The
curves for the target with a radial velocity of 55 knots also apply to the time required
for a 200-knot target to traverse two lober and a 100-knot target one lobe. The 600-knot
target curves can be used to determine the time required for a 400-knot target to traverse
two lobes and a 200-knot target one lobe.

If a time limitation is imposed on any altitude determination, the maximum range at
which height-{inding can be accomplished (assuming, for example, that three lobes musi
be traversed) is thus limited. The maximum height-finding range will be limited to vari-
ous percentages of the horizon range depending on the target altitude and the time allotted
the height-finding function as shown by Table 8 which refers to a 600-knot aircraft, a radar
altitude of 3000 feet, and a frequency of 425 Mc (Fig. 14(b)).

The greatest limi*~tion {8 thus seen to occur for low-altitude targets. 1f 3 minutes
are available for heign. "nding, the limitation ia not too severe fur the lowest target
shown (3200 feet). Even wi.. 2 one-minute time limit, a verv worthwhile height-finding
capability is provided, especizi:, on high-altitude targets.
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Tabls 6
Maximm Height-Finding Reange ard Its Parcentage nf the Horizon Range for
Indicated Time Allotted to Height Detersination

Terger | Hosison 1 Minute 2 Minutes 3 Ninutes
Altitude | Range | Mex NH.F Max H-F lisx H-F

(feety | (milre)| Range Parcent { g, at Fercent Rangs Perceny
3.200 137 78 1? 1 7% 117 85
5,000 154 "8 62 120 78 P2 A7

10,000 190 332 59 160 a4 $72 1

20,000 b3 185 77 32 88 322 92

4(:,000 312 256 82 1 287 92 298 9

Radasr sititude 3000 ft: frequenty 428 Mc: targec radial velacity 600 knotys

CONCLUSIONS

1. The lobe-counting method of height-linding is feasible lor use against isolaied,
constant -altitude targets.

2. The height determination on each targe! requires diverting the radar from its
norinal search function for as long as 1 to 2 minutes.

3. This method can e used in the presence of sea states as high as 8 {rom near
the initial detection range in to the range where the echo is obscured by sea clutter,

2. The mothod {5 accurats o about B percent 147 low-~flying targeis and 4 i0 5 per-

cent for medium- und high-{lying targets.
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